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Abstract 
The paper presents an investigation into the composition and production technology of porous aggregates for concrete of general 
usage. As the main components of the composition the authors suggest using of alkali silicate and non-bloating clay. The results 
of the investigating different compositions and technologies are analyzed. The compositions and technologies finally introduced 
in the paper make it possible to use not only non-standard materials but also to diminish fuel and power resources by way of 
reducing the baking temperature. 
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1. Introduction 
When analyzing the main directions of modern construction industry development, one may say for sure that the 
importance of building materials is increasing. Modern building materials allow not only decreasing the weight of 
structures without losing their strength properties, they also allow improving the durability and reliability of 
buildings and structures, making premises more comfortable [1-6]. Without developing modern building materials 
and technologies, it’s impossible to carry out such socially important programs as “Dwelling Space”, “Affordable 
Housing”, “Housing for Young Families”, as well as other ones, which are not directly connected to construction, 
but indirectly depend on it [7-13]. 
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2. Research 
Under these circumstances special attention must be paid to lightweight concrete. Using it not only ensures the 
performance of the above-mentioned functions, but also allows significantly cutting down the expenses for 
transportation and assembly, and increasing the pace of constructing houses [14-18]. Lightweight concrete and its 
main component – porous aggregates is important for reducing structure's weight, a great number of studies is 
devoted to the technology of manufacturing it [19-23]. 
But the problem of insufficient volume of manufactured lightweight aggregate with the required properties 
remains quite vital for modern construction industry. It’s worth mentioning the fact that today claydite gravel 
remains the “basic” porous aggregate for producing lightweight concrete structures. At present the production of 
claydite faces a number of problems [24-26]. The first one is decline in resources of low-melting and high-bloating 
clays, the second one is the high temperature needed for bloating, which requires expensive refractories, 
considerable energy and financial expenses. Besides modern industry has to be supplied with effective control 
equipment, work on developing it is carried out continuously [27, 29]. 
In course of the research devoted to solving the above-mentioned problems the authors have developed a 
technology for manufacturing waterproof porous aggregate and its composition, based on modified alkali silicate 
and usual non-bloating clays. The obtained aggregate’s properties are not worse than those of claydite, and besides 
standard equipment for manufacturing claydite gravel can be used to produce this aggregate, the temperature of 
baking can be significantly reduced, and thus fuel and power resource expenses can be diminished.   
The suggested technology includes modification of water sensitive sodium silicate with sodium chloride (as 
described in patent № 2211196 dated 02 Nov 2000), with simultaneous introduction of banding clay, the granulation 
of the received sticky mass and its heat treatment. It has been found out that any non-bloating clay can be used as 
the banding clay, because in this composition it doesn’t perform the function of bloating component. 
This paper presents the results of research devoted to working out technology of producing porous aggregate 
using clay taken from Danilovsky field which is located in the Samara Region. The chemical composition of the 
used clay is as follows, %wt: SiO2- 64,7, Al2O3 - 9,3, Fe2O3 - 6,0, Ca0 -5,6, MgO - 0,57, SO3 - 0,34, R2O - 3,75. 
Sodium chloride was used for modifying alkali silicate. The main purpose of such modification is directional 
change of alkali silicate’s viscosity. It has been found out that sodium chloride, when dissolved in sodium silicate, 
reduces the latter’s silicate module, and as a result, increases the number of siloxane linkages [29, 30]. Chloride 
ions, which act as a strong oxidizer in this case, contribute to the mixture’s specific coagulation. Conventionally 
such modification, as a process, may be divided into three stages. During the first stage the mixture’s viscosity 
remains unchanged, which allows mixing it thoroughly. During the second stage the mixture obtains elasto-plastic 
properties, which allows molding and granulating the mass. During the third stage the molded granules lose their 
viscoelastic properties, the given form is stabilized, structural strength increases. The authors have determined the 
conditions, under which the change of the quantitative relationships between components and working environment 
allows influencing the duration and characteristics of the above-mentioned stages.   
Granules have been molded by extrusion out of the mass produced in accordance with the above-described 
technology. Bloating of granules was performed in a working laboratory model of rotary-drum furnace (see Fig.1) at 
a temperature of 250…300 оС. 
It’s worth mentioning the fact that the aeration of the granules made out of the prepared mass was performed not 
at a temperature of 1150…1250 оС, which is used in the traditional process of manufacturing claydite gravel, but at 
much lower temperatures. 
This has been achieved due to the fact that at such temperatures the used modified alkali silicate contributes to 
the origination of elastic fluid properties, and dehydration processes contribute to the bloating of the granules. 
Under such conditions the granules bloat, a high-porous internal structure and a “skin” on the surface are formed 
(see Fig.2). 
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Fig. 1. Working laboratory model of rotary-drum furnace (with removed insulating jacket). 
 
Figure 2. Granules. Appearance and structure. 
The authors have found out that improving waterproof properties of the received porous granules is possible due 
to additional heat treatment. During the research the authors used an electrical laboratory cell furnace. 
After the heat treatment at 800…880 ОС the porous granules’ waterproof properties have significantly improved. 
It has been found out that at such temperatures the ceramic and sodium silicate components of the granules interact 
and are modified, forming new compositions with better waterproof properties. What is more, 5-7 minutes are 
enough for such interaction. It’s supposed that such high speed of new compounds’ formation is ensured by 
formation of melt corresponding to the eutectic composition (33 % Na2О and 67 % SiO2). 
The basic characteristics of the porous granules that have been received in the laboratory model and baked are 
shown in Table 1. 
Table 1. The basic characteristics of the porous granules. 
№ Indicators After bloating at 200 ОС After baking at 880 ОС 
1 Bulk density 0,4 g,cm3 0,42 g,cm3 
2 State of surface Solid skin Solid skin 
3 Structure Solid Solid 
4 Strength 1 SU 5 SU 
5 Waterproof properties less than ½ hour over 12 hours 
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It’s worth mentioning the fact that the strength and waterproof characteristics of the porous granules have been 
determined indirectly in standard units. The strength was determined by the crushing value of separate granules, and 
the strength of the granules after heat treatment was taken for 1 unit. The waterproof properties were determined by 
the water storage of porous granules, the strength of which was periodically tested. 
The performed X-ray phase analysis (see Fig 3) of the molded and bloated granules has shown that after heat 
treatment at 250-300ОС the material contains mainly silica in the form of α-trydimit, α- and β-cristobalite, α-quartz; 
sodium aluminosilicate made up of Na2О ∙Al2O3∙SiO2; aluminosilicate made up of Al2O3∙SiO2; alumina made up of 
γ - Al2O3. After heat treatment at 850-88ОС mullite was found additionally in the material. Reduction of the number 
of peaks on the X-ray pattern of the material after heat treatment (graph B) testifies to the fact that sensitive crystal 
forms have recrystallized, which explains the increase of waterproof properties. 
 
 
Figure 3. X-ray pattern of the three-component system “clay-alkali silicate - sodium chloride» after heat treatment at: (a) 250-300 ОС; (b) 850-
880 ОС. 
3. Conclusion 
The presented technology of manufacturing porous aggregate allows using abundant clay raw materials (i.e. non-
bloating clays, clay-containing wastes). An important characteristic is reduction of the granules’ bloating 
temperature, which allows cutting down production expenses and reducing the ready product’s cost, as well as 
increasing the period of baking equipment service. An important difference of the developed technology is also the 
possibility to produce sphere shaped porous aggregate, the size of the granules being from 3 to 15mm, while the 
traditional technology of producing claydite gravel allows manufacturing lightweight gravel only of coarse fractions, 
and in order to receive fine fractions crashing is used, which leads to unwanted open cells. 
It is planned to use the porous aggregate received according to the suggested manufacturing scheme for making 
lightweight concrete, as well heat insulating filings and products.  
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